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A balanced transmitter up-converts a baseband signal 
directly from baseb&sd-to-RF The up-conversioo process is 
sufficiently linear thai no IF processing is required, even in 
communications applications that have stringent require- 
ments on spectral growth. In operation, the balanced modu- 
lator sub-harmonically samples the baseband signal in a 
balanced and differential maimer, resulting in harmonically 
rich signal The harmonically rich signal contains multiple 
harmonic images thai repeat at multiples of the sampling 
frequency, where each harmonic contains the necessary 
information to reconstruct the baseband signal. The differ- 
ential sampling is performed according to a first and second 
control signals that are phase shifted with respect to each 
other. In embodiments of the invention, the control signals 
have pulse widths (or apertures) that operate to improve 
energy transfer to a desired harmonic in the harmonically 
rich signal. A bandpass filter can then be utilized to select the 
desired harmonic of interest from the harmonically rich 
signal. The sampling modules that perform the samnlina can 
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MINIMIZE DC OFFSET VOLTAGES BETWEEN SAMPLING MODULES 
DURING THE DIFFERENTIAL SAMPUNG IN STEP 6204 



I 



6206 



SELECT A DESIRED HARMONIC (OR SUBSET OF HARMONICS) 
OF INTEREST FOR TRANSMISSION 



AMPLIFY THE SELECTED HARMONIC(S) 



6208 



■6210 



TRANSMIT THE SELECTED HARMONIC(S) 
OVER A COMMUNICATIONS MEDIUM 



6212 



FIG.62 



Page 120 of 147 



U.S. Patent 



Feb. 8, 2005 



Sheet 117 of 144 6,853,690 Bl 

6300 



RECEIVE AN INPUT BASEBAND SIGNAL 



,6202 



CONVERT THE (SINGLE-ENDED) INPUT BASEBAND SIGNAL 
INTO A DIFFERENTIAL SIGNAL HAVING FIRST AND SECOND 
SIGNAL COMPONENTS, WHERE THE SECOND COMPONENT 
IS AN INVERTED VERSION OF THE FIRST COMPONENT 



.6302 



ADD A DC REFERENCE VOLTAGE TO BOTH OF THE 
DIFFERENTIAL SIGNAL COMPONENTS, RESULTING IN A FIRST 
COMBINED SIGNAL AND SECOND COMBINED SIGNAL 



,6304 
6306 



GENERATE A FIRST CONTROL SIGNAL AND A SECOND CONTROL 
SIGNAL THAT HAVE A COMMON FREQUENCY BUT ARE 
PHASE-SHIFTED WITH RESPECT TO EACH OTHER, AND THAT 

HAVE PULSE WIDTHS (OR APERTURES) OF Ta THAT ARE 
ESTABLISHED TO IMPROVE ENERGY TRANSFER TO A DESIRED 
HARMONIC OF THE CONTROL SIGNAL FREQUENCY 



6204, 
6206 



SAMPLE THE FIRST COMBINED SIGNAL ACCORDING 
TO THE FIRST CONTROL SIGNAL TO GENERATE 
A FIRST HARMONICALLY RICH SIGNAL 



.6308 



6310 



SAMPLE THE SECOND COMBINED SIGNAL ACCORDING 
TO THE SECOND CONTROL SIGNAL TO GENERATE A SECOND 
HARMONICALLY RICH SIGNAL 



6312 



COMBINE THE FIRST HARMONICALLY RICH SIGNAL AND THE 
SECOND HARMONICALLY RICH SIGNAL TO GENERATE A THIRD 
HARMONICALLY RICH SIGNAL THAT HAS MINIMAL CARRIER 
INSERTION IN THE HARMONIC IMAGES 



I 



SELECT A DESIRED HARMONIC (OR SUBSET OF 
HARMONICS) FOR TRANSMISSION 

FIG.63 



6208 



Page 121 of 147 



U.S. Patent 



Feb. 8, 2005 



Sheet 118 of 144 6,853,690 Bl 
6400 



RECEIVE AN INPUT BASEBAND SIGNAL 



6202 



CONVERT THE (SINGLE-ENDED) INPUT BASEBAND SIGNAL INTO 
A DIFFERENTIAL SIGNAL HAVING FIRST AND SECOND SIGNAL 
COMPONENTS, WHERE THE SECOND COMPONENT IS AN 
INVERTED VERSION OF THE FIRST COMPONENT 



6402 



6404 



GENERATE A FIRST CONTROL SIGNAL AND A SECOND CONTROL SIGNAL 
THAT HAVE A COMMON FREQUENCY BUT ARE PHASE-SHIFTED WITH 
RESPECT TO EACH OTHER, AND THAT HAVE PULSE WIDTHS (OR 
APERTURES) OF Ta THAT ARE ESTABLISHED TO IMPROVE ENERGY TRANSFER 
TO A DESIRED HARMONIC OF THE CONTROL SIGNAL FREQUENCY 



SHUNT THE FIRST DIFFERENTIAL SIGNAL COMPONENT TO GROUND 
ACCORDING TO THE FIRST CONTROL SIGNAL TO GENERATE A 
FIRST HARMONICALLY RICH SIGNAL 



-^6406 



SHUNT THE SECOND DIFFERENTIAL SIGNAL COMPONENT TO GROUND 
ACCORDING TO THE SECOND CONTROL SIGNAL TO GENERATE A 
SECOND HARMONICALLY RICH SIGNAL 



6408 



COMBINE THE FIRST HARMONICALLY RICH SIGNAL AND THE SECOND 
HARMONICALLY RICH SIGNAL TO GENERATE A THIRD HARMONICALLY 
RICH SIGNAL THAT HAS MINIMAL CARRIER INSERTION IN THE 
HARMONIC IMAGES 



6410 



6204, 
6206 



SELECT A DESIRED HARMONIC (OR SUBSET OF HAF 
FOR TRANSMISSION 



■6208 



FIG.64 



Page 122 of 147 



U.S. Patent 



Feb. 8, 2005 



Sheet 119 of 144 6,853,690 Bl 

6500 



RECEIVE AN I BASEBAND SIGNAL AND A Q BASEBAND SIGNAL 



•6502 



DIFFERENTIALLY SAMPLE THE I BASEBAND SIGNAL ACCORDING TO A 
FIRST AND SECOND CONTROL SIGNALS THAT HAVE PULSE WIDTHS (OR 
APERTURES) ESTABLISHED TO IMPROVE ENERGY TRANSFER TO A 
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